Abstract-This study examines the effects of disparity, dot numerosity, exposure duration. and the allowed processing time on briefly exposed Julesz-type random dot stereogram perception. Dot numerosity produces only minimal effects for the lower values used; reductions in exposure duration systematically reduce the performance level; and the changes in performance are found to be symmetrical for either convergent or divergent disparity and to continuously improve with disparity varying from approx 30" to over 5' of visual angle. The findings from this experiment indicate that there is only minimal summatory interaction among stereoscopic mechanisms for adjacent areas and confirm earlier estimates of the time required (approx 50 msec) for processing stereoscopic stimuli.
I\-TRODCCIlON
The random dot stereoscopic technique, as developed to its present high level by Bela Julesz and summarized in his important book (Juiesz, 1971) , provides an extraordinary opportunity to study a pure form of depth perception that is dependent only upon disparity cues. However, various practical aspects of the technique have hampered development of certain important lines of research, particularly those involving brief exposure and real-time control of several key independent variables. Typically, although there have been a few exceptions (e.g. Papert. 1964 and Marlowe, 1969) , the random dot stereograms used by Julesz' followers are generated on the face of an oscilloscope, photographed and then re-presented to the S in a conventional optical stereoscope. This photographic procedure is fairly cumbersome, rather expensive, and ponderously time-consuming. Thus, parametric investigations that are necessary to understand such dimensions as dot numerosity, exposure time, and sequential interaction in stereoscopic viewing have been carried out infrequently, in spite of the fact that there has long been an awareness of these problems in the study of stereopsis (e.g. Dove, 1841).
Several laboratories have recently developed procedures in which small laboratory computers control oscilloscope displays directly. The computer operates rapidly enough to regenerate patterns and to produce dynamic effects that increase our understanding of the richness of the stereoscopic process. Ross and Hogben (1974) , for example, have used such a system to demonstrate that the persistence of the stereoscopic trace is sufficiently long to allow the perception of depth without degradation when the intervals between the stimuli presented to each eye are separated by 36-72msec. ROSS (1974) has also shown that time discrepancies, in ' The research reported in this paper was supported by research grants from the National Science Foundation (GB-25431), the National Institute of Mental Health (1 ROI MH24016-011 and the Rackham Graduate School of The University of Michigan, and by an NIMH Research Scientist Award 1.5 KOS MH29941-03) to the first author.
' We wobld like to express o;r appreciation to Gregory Zick who assisted in the construction of the three-dimensional analog computer circuitry for the hybrid computer system. some instances. can be substituted for spatial disparities to produce stereoscopic depth in a manner not explicable in terms of the actual spatial disparities produced by stimulus intensity differences in situations like that underlying the Pulfrich phenomenon.
The present study reports a similar approach to another set of problems; i.e. the effects of duration of exposure and dot numerosity on stereopsis. Experiments were carried out to determine the effects of these parameters both with and without a backward masking, or "blanking", field to determine stereoscopic perception time. A follow-up study investigated the stereoscopic effectiveness of a severely reduced display which consisted ofjust two briefly exposed dots. In all experiments, the procedure used was efficient enough to explore the full effective range of retinal dispartiy.
METHOD Subjects
The Ss for each experiment were four undergraduate students at The University of Michigan who were paid stipends for a daily participation period of one hour. Because the time period for the experiments was long different students participated in each of the three experiments; thus crosscomparisons among absolute levels are not meaningful. In spite of the fact that Ss were pretested with anaglyphs from Jules.? (1971) book, a wide range of individual differences in stereoscopic viewing competence was observed among Ss in the context of this experimental procedure. Some Ss proved to be stereo-deficient and their data were removed from the final analyses. In no instance were the data of fewer than three Ss used to plot any of the figures.
Apparatus
The experiments were controiled by a hybrid computer system that used both digital and analog methods to make the calculations required for the generation of stereoscopic displays. The digital computer was a Digital Equipment Corporation PDP-8/E and the analog operational modules were manufactured by Optical Electronics, Inc.
The calculation of the coordinates of the dots comoosinx the stereoscopic display was carried out digitally on th; PDP-8!E. The DroPrammer defined the characteristics of the stimuli in general (e.g. specifying the extent of a plane and placing it at an assigned depth in the Ss tbreedimensional space). The locations of the dots within the specified area were then individually determined by random number algorithms. In this manner, a table of the system of dots
